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Cross-Refere nce To Related Application 

[0001] This application claims the priority of provisional application 
serial no. 60/415,140 filed October 2, 2002. 

5 Field of the invention 

[0002] This invention relates to an injection molding apparatus, and 
more particularly to a flow mixing device for an injection molding apparatus. 
Background of the invention 

[0003] The use of manifolds in injection molding apparatuses to 
10 transfer melt from a melt source to one or more mold cavities is well known. 
In many instances, it may be desired to mix a melt flow in a manifold, due to 
the configuration of a runner in the manifold, the composition of the melt flow 
and/or other parameters relating to the injection molding application. For 
example, it may be that a mixing device is used for the balancing of a 
15 manifold, to prevent certain mold cavities from receiving melt at a higher 
temperature and at a higher pressure than other mold cavities. 

[0004] A well known device for mixing melt flow in a runner of a 
manifold is a static mixer. An example of such a mixer is disclosed in 
European Patent Application No. 88108394.3 (Halar et al.). Halar et al. 
20 discloses a mixer which is positioned in a runner, and which has a number of 
radially extending vanes. The vanes are twisted, and thus interrupt and twist 
a melt flow to cause mixing of the melt flow. 

[0005] Another mixing device is disclosed in US Patent No 4,123,496 
(Gallizia et al.). Gallizia et al. discloses a mixing device for the purpose of 
25 balancing a manifold. The mixing device is configured to rearrange strata of a 
shear heated melt flow, so that strata that are hotter are mixed with strata that 
are colder. The mixing device divides a melt flow in a runner into a number of 
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smaller melt channels, which reposition the portions of the melt flow, and then 
discharge the melt flow back into the runner. 

[0006] All such static mixing devices include a number of dead zones, 
where melt flow is inhibited, and which are difficult to clean, during a 
5 changeover from one melt type to another. Furthermore, such mixing devices 
represent a relatively large pressure drop for a melt flow. 

[0007] US Patent No. 6,077,470 (Beaumont) discloses another way of 

balancing a manifold, whereby the runners are configured to reorient a melt 
flow, so that the melt flow divides evenly at a split. Beaumont's device does 
10 not mix a melt flow, but instead reorients it so that non-uniformities in the melt 
flow will divide evenly at a split. 

[0008] US Patent No. 5,683,731 (Deardruff et al). discloses a 

redistributor device for dividing a melt flow evenly upstream from an X-type 
split, where the melt is ultimately split into four downstream runners. The 
15 redistributor device has four internal passages which draw melt from different 
parts of a non-uniform melt flow and redistributes them so that non- 
uniformities are divided evenly in each of the downstream runners. The 
device of Deardruff et al. has several drawbacks. The internal passages are 
relatively difficult to clean. Furthermore, the device does not mix a melt flow, 
20 but instead divides it into portions and redistributes the portions, so the 
downstream melt flows may not be uniform themselves. 

[0009] A continuing need therefore exists for new devices for the 
mixing of a melt flow and for the balancing of a manifold in an injection 
molding apparatus. 

25 Summary of the invention 

[0010] In a first aspect, the invention is directed to a mixing device for 
use with a manifold in an injection molding apparatus. The mixing device 
comprises a body, having a melt channel therethrough. The melt channel has 
a plurality of increasing sections which have an increasing cross-sectional 

30 area in a downstream direction, and a plurality of decreasing sections which 
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have a decreasing cross-sectional area in a downstream direction. The 
increasing and decreasing sections alternate with each other. 

[0011] in a second aspect, the invention is directed to a method of 
makmg a mixing device for use in a manifold in an injection molding 
5 apparatus. The method comprises: 

10012] (a) providing a first block of material having a first surface; 

[0013] (b) machining a channel on the first surface of the first block 
of material, using a machining tool; 

[0014] ( C ) during step (b), moving the machining tool and the first 
10 block of material relative to each other in a direction that is substantially 
perpendicular to the first surface, so that the machining too. machines at 
alternately increased and decreased depth in the first block of material; 
[0015] ( d ) providing a second block of material having a second 
surface for mating with the first surface on the first block of material; and 
15 [0016] (e) mating the first and second surfaces. 

[0017] m a third aspect, the invention is directed to a method of mixing 
a melt flow in a runner in an injection molding apparatus. The method 
comprises: 

[0018] passing the melt flow through a channel having a plurality of 
20 decreasing and increasing cross-sectional areas. 

[0019] m a fourth aspect, the invention is directed to an injection 
mold.ng apparatus comprising a manifold and a mold cavity block The 
manifold has a melt source inlet, and a runner downstream from the melt 
source inlet. The runner has a mixing section. The mixing section has a 
25 plurality of increasing sections which have an increasing cross-sectional area 
in a downstream direction and a plurality of decreasing sections which have a 
decreasing cross-sectional area in a downstream direction. The increasing 
and decreasing sections alternate with each other. The mold cavity block has 
a mold cavity downstream from the runner. 



[0020] In a fifth aspect, the invention is directed to a manifold for an 

injection molding apparatus. The manifold has a melt source inlet, and a 
runner downstream from the melt source inlet. The runner has a mixing 
section. The mixing section has a plurality of increasing sections which have 
an increasing cross-sectional area in a downstream direction and a plurality of 
decreasing sections which have a decreasing cross-sectional area in a 
downstream direction. The increasing and decreasing sections alternate with 
each other. 

[0021] In a sixth aspect, the invention is directed to a method of mixing 

a melt flow in an injection molding apparatus, comprising: 

[0022] (a) alternately increasing and decreasing the average 

velocity of the melt flow through a melt channel in the injection molding 
apparatus a plurality of times. 

[0023] In a seventh aspect, the invention is directed to a method of 

mixing a melt flow in an injection molding apparatus, comprising: 

[0024] (a) alternately subjecting the melt flow to an increasing and 

decreasing pressure in a melt channel in the injection molding apparatus. 

[0025] In an eighth aspect, the invention is directed to an injection 

molding apparatus comprising an injection manifold, a plurality of injection 
nozzles, and a plurality of mold cavities. The injection manifold has a plurality 
of manifold melt channels adapted to guide a melt flow. At least a portion of 
at least one manifold melt channel has a generally circular cross-section in a 
plane perpendicular to the direction of melt flow and has a diameter in the 
plane that varies along the direction of melt flow. The plurality of injection 
nozzles are in fluid communication with the manifold melt channels. The 
plurality of mold cavities are in communication with the nozzles. 

[0026] In a ninth aspect, the invention is directed to an injection 

molding apparatus comprising an injection manifold, a plurality of injection 
nozzles, and a plurality of mold cavities. The injection manifold has a plurality 
of manifold melt channels adapted to guide a melt flow. At least a portion of 



at least one manifold melt channel has a melt channel axis and is configured 
to provide a melt flow rate that varies along the melt channel axis. The 
plurality of injection nozzles are in fluid communication with the manifold melt 
channels. The plurality of mold cavities are in communication with the 
5 nozzles. 

[0027] In a tenth aspect, the invention is directed to an injection 

manifold. The injection manifold includes a manifold body. The manifold 
body has a plurality of manifold melt channels defined therein for guiding a 
melt flow. At least a portion of at least one melt channel is a melt mixing 
10 portion having a melt channel axis and having a plurality of juxtaposed 
sections having different cross-sectional shapes along the melt channel axis. 

[0028] In an eleventh aspect, the invention is directed to an injection 

molding apparatus comprising an injection manifold, a plurality of injection 
nozzles, and a plurality of mold cavities. The injection manifold has a plurality 

15 of manifold melt channels adapted to guide a melt flow. At least a portion of 
at least one manifold melt channel has a melt channel axis and has a 
generally circular cross-section about the melt channel axis and has a plurality 
of portions along the melt channel axis having alternating increasing and 
decreasing diameters. The plurality of injection nozzles are in fluid 

20 communication with the manifold melt channels. The plurality of mold cavities 
are in communication with the nozzles. 

[0029] In a twelfth aspect, the invention is directed to an injection 

molding apparatus comprising an injection manifold, a plurality of injection 
nozzles, and a plurality of mold cavities. The injection manifold has a plurality 

25 of manifold melt channels adapted to guide a melt flow. At least a portion of at 
least one manifold melt channel has a melt channel axis and has a generally 
circular cross-section about the melt channel axis and has a diameter that 
varies along the melt channel axis. The plurality of injection nozzles are in 
fluid communication with the manifold melt channels. The plurality of mold 

30 cavities are in communication with the nozzles. 
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[0030] In a thirteenth aspect, the invention is directed to an injection 

molding apparatus comprising an injection manifold, a plurality of injection 
nozzles, and a plurality of mold cavities. The injection manifold has a plurality 
of manifold melt channels adapted to guide a melt flow. At least a portion of 
5 at least one manifold melt channel has a melt channel axis and is configured 
to provide a melt flow velocity that varies along the melt channel axis. The 
plurality of injection nozzles are in fluid communication with the manifold melt 
channels. The plurality of mold cavities are in communication with the 
nozzles. 

10 

Brief description of the drawings 

[0031] For a better understanding of the present invention and to show 

more clearly how it may be carried into effect, reference will now be made by 
way of example to the accompanying drawings, showing articles made 
15 according to a preferred embodiment of the present invention, in which: 

[0032] Figure 1 is a side sectional view of a mixing device in 

accordance with a first embodiment of the present invention; 

[0033] Figure 2 is a perspective view of two portions of the mixing 

device shown in Figure 1; 

20 [0034] Figure 3 is a side sectional view of the portions shown in Figure 

2; 

[0035] Figure 4a is a view of a milling head that can be used to make 

the mixing device shown in Figure 1; 

[0036] Figure 4b is an end view of the mixing device shown in Figure 1 ; 

25 [0037] Figure 4c is an end view of an alternative mixing device in 

accordance with the present invention; 

[0038] Figure 5 is a side sectional view of an alternative embodiment of 

a mixing device in accordance with the present invention; 
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[0039] Figure 6a is a transparent perspective view of another 

alternative embodiment of a mixing device in accordance with the present 
invention; 

[0040] Figure 6b is a transparent perspective view of yet another 

5 alternative embodiment of a mixing device in accordance with the present 
invention; 

[0041] Figure 7 is a sectional view of an injection molding apparatus of 

the prior art; 

[0042] Figure 8 is a sectional view of a portion of the runners of the 

10 prior art injection molding apparatus shown in Figure 7; 

[0043] Figure 9 is a sectional view of an injection molding apparatus 

having a plurality of mixing devices in accordance with the present invention; 

[0044] Figure 10 is a sectional view of another portion of the runners of 

the prior art injection molding apparatus shown in Figure 7; and 

15 [0045] Figure 11 a sectional view of another injection molding 

apparatus having a plurality of mixing devices in accordance with the present 
invention. 

Detailed Description of the Invention 

[0046] Reference is made to Figure 1, which shows a mixing device in 

20 accordance with the present invention, shown generally at 10. Mixing device 
10 can be used to mix a melt flow in a runner in an injection molding 
apparatus. Mixing device 10 includes a body 12, having a melt channel 14 
therethrough. Melt channel 14 has an inlet 16 and an outlet 18, and a melt 
channel axis CL. The inlet 16 and outlet 18 preferably generally mate with the 
25 upstream and downstream runner portions 20 and 22 respectively. The 
upstream and downstream runner portions 20 and 22 may have the same 
shape and cross-sectional area or, alternatively, they may have different 
shapes and/or different cross-sectional areas. 
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[0047] Mixing device 10 has a plurality of sections 24, which may be 

decreasing sections 26 or increasing sections 28. The decreasing sections 
26 have a decreasing cross-sectional area in a downstream direction ie. in the 
direction of melt flow, which in this case is in the direction of the axis CL. The 
5 increasing sections 28 have an increasing cross-sectional area in a 
downstream direction. The decreasing and increasing sections 26 and 28 
alternate with each other. 

[0048] The decreasing sections 26 and the increasing sections 28 may 
each have the same average cross-sectional area, as shown in Figure 1 . 

10 [0049] Preferably, the transitions between the decreasing and 

increasing sections 26 and 28 are smooth, as shown, to reduce the tendency 
for dead zones to exist in the melt flow, and to facilitate cleanout of the mixing 
device 10. Cleanouts, for example, may be desirable between runs of 
different compositions or colours of melt through the mixing device. Each of 

15 the sections 24 may be smoothly curved, as shown, to reduce pressure drop 
losses through the mixing device 10, and to further facilitate cleanout. 

[0050] The mixing device 10 begins with a first section 30. Section 30 

may be, for example, a decreasing section 26. Alternatively, section 30 may 
be an increasing section 28. Similarly, the last section, which is shown at 32, 
20 may be, for example, an increasing section 28, or may alternatively be a 
decreasing section 26. 

[0051] A melt flow passing through mixing device 10 repeatedly 
encounters decreasing sections 26 and increasing sections 28. The melt flow 
remains coherent throughout the mixing device. In other words it does not 

25 divide into two or more discrete flow paths. The mass flow rate is constant 
along the melt channel 14. Therefore as the melt flow passes along the 
channel with its plurality of increasing and decreasing cross-sectional areas, 
the melt will undergo changes in average velocity and average pressure drop. 
More particularly, the pressure drop over a decreasing section 26 increases 

30 along the length of the section (ie. along the axis CL), and the average 
pressure drop over an increasing section 28 decreases along the length of the 
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section. Furthermore, when the melt passes through a decreasing section 26, 
the average velocity of the melt increases and when the melt passes through 
an increasing section 28 the average velocity of the melt decreases. 

[0052] When encountering a decreasing section 26, the peripheral 

5 portions of the melt flow are brought closer to the axis of the channel 14. 
When the melt flow encounters an increasing section 28, some portions of the 
melt flow are moved away from the axis of the channel 14. The physical 
movement of the melt as the channel is alternately constricted and expanded 
and the changes in velocity and pressure drop cause the melt flow to be 
10 mixed. The greater the number of alternating decreasing and increasing 
sections 26 and 28, the better the mix of the melt flow that can be achieved. 
Figure 1 illustrates a device having fourteen such sections. 

[0053] The shapes of the decreasing and increasing sections 26 and 
28, and the cross-sectional areas at the transitions between the sections 26 

15 and 28 may be selected based on the properties of the melt flow and the 
permissible pressure drop losses of the overall system in which the mixing 
device is used. Furthermore, the decreasing sections 26 need not all be 
identical to one another, and similarly, the increasing sections 28 need not all 
be identical. Each section may have a unique shape. Furthermore, all the 

20 sections 26 and 28 need not all start with the same cross-sectional area or 
end with the same cross-sectional area. 

[0054] Reference is made to Figures 2 and 3, which illustrate the 

method for making the mixing device 10. The mixing device 10 may be made 
from first and second blocks 34 and 36, whereby a portion of the melt channel 

25 14 is machined into each block. Block 34 has a first mating surface 38. A mill 
(not shown), having a milling head 40 may be used to machine a channel, 
which forms a first portion 42 of the melt channel 14. The milling head 40 
may have any suitable shape. For example, the milling head 40 may be a 
hemispherical milling head, (ie. a milling head for machining a bore having a 

30 hemispherical bottom, or a slot having a rounded bottom). Furthermore, 
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milling head 40 may be used to cut the channel in a single pass, if the width of 
the milling head 40 is equal to the maximum width of the channel. 

[0055] The first melt channel portion 42 may make up half of the melt 

channel 14, or may alternatively make up any suitable portion of the melt 
5 channel 14. To machine the melt channel portion 42, the milling head 40 is 
moved laterally across the surface 38, parallel to the direction of intended 
flow, and the milling head 40 is moved alternately between an increased 
depth and a decreased depth into the block 34 as the milling head 40 moves 
laterally across surface 38. The milling head 40 may be moved along a 

10 sinusoidal path across the surface 38 in the plane of Figure 3, so that the 
profile of the machined surface of the melt channel portion 42 is sinusoidal in 
the plane of Figure 3. Alternatively, any suitable means of moving the milling 
head 40 and the block 34 relative to each other may be used for the 
machining of the melt channel portion 42. For example, rather than moving 

15 the milling head 40 across the surface 38, the block 34 may be moved over 
the milling head 40 to machine the melt channel portion 42. As a further 
alternative, both the block 34 and the milling head 40 may be moved with 
respect to each other, to machine the melt channel portion 42. 

[0056] Similarly to the first block 34, the second block 36 may have a 

20 second mating surface 44. The milling head 40 may be used to machine a 
similar sinusoidal channel, forming a second melt channel portion 46 into the 
second mating surface 44. In this case, as shown in Figure 3, the melt 
channel 14 has two sinusoidal surfaces in the plane of Figure 3. As an 
alternative, any other suitable path may be machined into one of the blocks 34 
25 or 36. For example, one of the blocks 34 or 36 may have a path machined 
therein that is at a constant depth. Alternatively, one of the blocks may have 
no path machined therein. In this case, the melt channel portion 42, (or 46 
depending on which block 34 or 36 has been machined), contains the entire 
volume of the melt channel 14. 

30 [0057] Once the blocks 34 or 36 or both have been machined as 

desired, they may be joined by any suitable means known. For example, they 
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may be brazed or welded together. Alternatively, they may each be placed in 
a receiving pocket in a manifold plate of an injection molding apparatus. In 
this case, the mixing device blocks may be joined together by joining the 
manifold plates in which they rest, together. 

5 [0058] Reference is made to Figures 4a, 4b and 4c, which illustrate two 

alternative portions of the method of making the mixing device 10, using a 
hemispherical milling head 40. In this case both blocks 34 and 36 are 
machined as mirror images of one another. In the case where the milling 
head 40 is hemispherical, it has a radius R. As shown in Figure 4b, the melt 

10 channel portions 42 and 46 may be cut so that their maximum depth Dmax into 
each block 34 and 36 is the same as the radius R of the milling head 40. The 
minimum depth D M in is less than R. This way, the melt channel 14 may be 
made circular at the sections of maximum cross-sectional area, and football- 
shaped at all other sections. Thus, in the case where the inlet 16 and outlet 

15 18 represent the maximum depth, (which can occur when the melt channel 14 
begins with a decreasing section 26 and ends with an increasing section 28), 
the inlet 16 and outlet 18 may be made circular. A circular inlet 16 and a 
circular outlet 18 facilitate a smooth alignment of the mixing device 10 with a 
round runner, such as is found in most injection molding apparatuses. It will 

20 be noted that in the case where the melt channel 14 is football-shaped, either 
over its entire length or between portions that are circular in cross section, it 
remains free of any discontinuities in the axial direction. A discontinuity is an 
abrupt change in the shape of the surface of the mixing device. There will be 
no discontinuities as long as the depth of cut of the cutting tool is changed 

25 progressively as the cutting tool moves laterally along surface 38 or 44 
respectively. 

[0059] An end view of a mixing device 10* in accordance with an 

alternative embodiment of the present invention is shown in Figure 4c. Mixing 
device 10' is similar to mixing device 10, except that mixing device 10' begins 
30 with an increasing section 28'. The hemispherical milling head 40 of Figure 
4a may be used to cut the melt channel portions 42' and 46' to any suitable 
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maximum and minimum depths. For example, the milling head 40 may be 
used to cut melt channel portion 42' whereby the minimum depth D M in of the 
melt channel portion 42* is the same as radius R of the milling head 40. This 
way, the melt channel 14' will be circular at the minimum depth D M in\ whereas 
at the maximum depth D M ax\ the melt channel 14' will be capsule-shaped. 
Thus, in the case where the inlet 16' and outlet 18 f represent the minimum 
depth D M in\ (which can occur when the melt channel 14' begins with a 
increasing section 28' and ends with an decreasing section, which cannot be 
seen in the view shown), the inlet 16' and outlet 18* may be made circular. In 
this case, the melt channel 14* is also free of any discontinuities in both the 
axial and transverse directions as long as the depth of the cut is changed 
progressively as discussed above. 

[0060] As an alternative method for making mixing devices 10 or 10' 
the mixing devices may be cast as a single piece, rather than being machined 
from two separate blocks. 

[0061] Reference is made to Figure 5, which shows a mixing device 50 

in accordance with another embodiment of the present invention. Mixing 
device 50 has a body 52 and a melt channel 54 therein. The melt channel 54 
is made up of a plurality of sections 56, including a plurality of decreasing 
sections 58 and a plurality of increasing sections 60. Mixing device 50 may 
also include a plurality of constant sections 62, (ie. they do not change in 
shape or cross-sectional area), between any decreasing section 58 and any 
increasing section 60. Mixing device 50 is similar to mixing device 10 in that 
the decreasing sections 58 and increasing sections 60 alternate with each 
other. Sections 58 and 60 may be compound sections, in that they may 
include two or more subsections. For example, the decreasing section shown 
at 64 includes two subsections 66 and 68, which both decrease in cross- 
sectional area. It is alternatively possible to have a increasing section 60, that 
has subsections that are increasing and subsections which are constant, such 
as is shown at increasing section 69. Similarly, it is alternatively possible to 
have decreasing sections 58 with constant subsections. 
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[0062] The sections 56 transition discretely to each other, (ie. the 
transitions between adjacent sections include discontinuities). These 
discontinuities may induce higher pressure losses along the flow path and are 
probably therefore not as desirable from this point of view. However, it may 
5 be easier to manufacture the mixing device by including such discontinuities 
such as by using and drilling part conical portions to create the melt channel 
14. It is also contemplated that a mixing device in accordance with the 
present invention may include transitions having discontinuities and 
transitions that are smooth. 

10 [0063] Mixing device 50 may be made by any suitable method, such as 
by machining portions of the melt channel 54 in two blocks, as described 
above for mixing device 10. Alternatively, mixing device 50 may be made 
from a mold, as a single piece, rather than from two separate blocks. 

[0064] In this embodiment, the decreasing sections 58 and 60, as 

15 shown in Figure 5, have different cross-sectional areas. 

[0065] Reference is now made to Figure 6a, which shows a mixing 
device 70. Mixing device 70 includes a body 72 and a melt channel 74. 
Mixing device 70 comprises decreasing and increasing sections 76 and 78, 
and is generally similar to mixing device 10. 

20 [0066] Mixing device 70 has an outer surface 79, which may have, for 
example, a four-sided square cross-sectional shape. 

[0067] As shown in Figure 6b, a mixing device 70' is shown, which is 
similar to mixing device 70, and has a body 72', with a melt channel 
74',having decreasing and increasing sections 76' and 78', which are similar 

25 to body 72, melt channel 74, and decreasing and increasing sections 76 and 
78 respectively. Mixing device 70' has an outer surface 79', that may be for 
example, cylindrical, for mounting in a cylindrical receiving aperture in a 
manifold. In this case the mixing device act like a separate manifold insert 
whose function is to reduce and increase the diameter of the melt channel. 

30 This insert can be made of any suitable material which is identical or different 
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than the material used to make the manifold. This mixer insert is easier to 
install in the manifold if the manifold is made of two pieces that are joined 
together by welding, heat fusion or brazing. 

[0068] By casting the mixing device, rather than machining it out of 

blocks, the shape of the melt channel 74 may be controlled as desired 
throughout its length, without any of the limitations imposed by a machining 
tool. For example, the melt channel 74 may be kept to any other desired 
constant shape or changing shape in cross-section along its length, and may 
increase and decrease in size according to any desired parameters. For 
example, the melt channel 74 may be kept circular along its entire length, thus 
reducing the surface area of the melt channel 74 (and correspondingly 
reducing surface-induced drag). 

[0069] The melt channel 74 may be made to have any desired suitable 
longitudinal shape. For example, the melt channel 74 may be made to have a 
twin-sinusoidal shape to the melt channel in all axial planes. Alternatively, the 
melt channel 74 may be provided with a twin-sinusoidal shape in at least one 
axial plane. 

[0070] While it is possible to machine melt channel 74 using a 
machining tool, it may represent a relatively difficult and time consuming 
process. It may, however, be relatively easier to cast a piece having the melt 
channel 74 therein. 

[0071] Reference is made to Figure 7, which shows an injection 
molding apparatus, of the prior art, shown generally at 80. Molding apparatus 
80 has a manifold 82, a plurality of nozzles 84, and a cavity plate 86. 
Manifold 82 has a melt source inlet 88 for receiving melt from a melt source 
(not shown). Melt source inlet 88 leads to a primary runner 90. Primary 
runner 90 branches into two secondary runners 92. Secondary runners 92 
have a first portion 94, a 90 degree bend and then a second portion 96 which 
is perpendicular to first portion 94. Second portion 96, in turn, branches into 
tertiary runners 98. Tertiary runners 98 lead into nozzles 84. Heaters 100 are 
used to heat the flow of melt through manifold 82. 
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[0072] Nozzles 84 have nozzle channels 102 which communicate with 

tertiary runners 98 in manifold 82. Nozzle channels 102 end at gates 104, 
which open into cavities 106 in cavity plate 86. Heaters 108 are used to heat 
the flow of melt through nozzles 84. 

5 [0073] Reference is now made to Figure 8, which shows the primary 

runner 90 and a portion of the secondary and tertiary runners 92 and 98. For 
ease of illustration, the surrounding manifold is not shown. As the melt flows 
through runners in the molding apparatus, the melt that is proximate the wall 
surface of the channel becomes heated relative to the melt in the middle of 

10 the channels, as a result of shear heating and other factors. A curve showing 
the relative shear in the melt in the primary runner 90 is shown at 110. The 
curve 110 is referred to as a shear profile. It will be noted that the shear 
profile 1 10 is not uniform across the cross-section of the melt flow. It will also 
be noted that the shear profile is, however, symmetric about the centerline CL 

15 of the melt flow. The shear profile 110 shows that the melt flow has more 
shear at some point in between the periphery and the center. In general, the 
shear profile of the melt flow is an indicator of certain other properties of the 
melt. For example, the shear profile is an indicator of the temperature profile 
of the melt flow. Portions of the melt flow that are subject to more shear, have 

20 as a consequence, higher temperatures. Furthermore, a melt flow may have 
different flow characteristics at different temperatures, and will flow at different 
rates. 

[0074] At the junction where the primary runner 90 joins the first 

portions 94 of the secondary runners 92, the melt flow is divided into two 

25 flows, each of which has a shear profile 112. The shear profiles 112 are 
similar to each other, having similar overall average temperatures, and similar 
overall average amounts of shear. Each profile 112 is however, asymmetric, 
having more shear in the part of the melt flow shown above the centerline CL, 
than in the part below the centerline CL. Due to the asymmetry in the melt 

30 flow in the secondary runners 92, the melt flows in the tertiary runners 98 will 
not have similar shear profiles. The overall average temperatures of the melt 
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flow in the tertiary runners 98 will not be the same, and the flow rates in the 
tertiary runners 98 will not be the same. This is illustrated by the shear 
profiles 1 14 and 1 16 of the melt flow in the tertiary runners 98. This difference 
in flow rate and in temperature ultimately causes variations in mold cavity 
pressures, and in the quality of molded parts. 

[0075] Reference is now made to Figure 9, which illustrates an injection 

molding apparatus 120, which is similar to injection molding apparatus 80, but 
which includes a manifold 121, which has at least one mixing section 122 in 
accordance with the present invention. The mixing section 122 is integrally 
formed into manifold 82 and may be similar to the melt channels 14, 54 or 74 
in mixing devices 10, 10\ 50 or 70. Alternatively, the mixing section 122 may 
be replaced by any of the mixing devices 10, 10\ 50 or 70, which would be a 
separate block that is received in a pocket within manifold 82. By including 
mixing section 122 in the runners 92 upstream of the split into runners 98, a 
melt flow passing through the mixing section 122 is mixed so that the shear 
profile, and therefore, the temperature profile and flow characteristics are 
more uniform and more symmetrical. 

[0076] Reference is now made to Figure 10, which shows the melt flow 

in tertiary runner 98 of the injection molding apparatus 80 of the prior art 
injection molding apparatus of Figure 7. Tertiary melt channel 98 includes a 
first portion 124, which is followed by a 90 degree bend, and a second portion 
126. The melt flow in the first portion 124 has a shear profile, shown at 128, 
which may be, for example, symmetrical. After the 90 degree bend, the shear 
profile is changed, so that the portion of the melt flow adjacent the inside of 
the bend has an increased amount of shear, relative to the portion of melt flow 
adjacent the outside of the bend. Thus, the shear profile after the bend may 
be as shown at 130. Depending on the configuration of the mold cavity 106, 
the asymmetric flow characteristics of the melt flow at 130 may prevent the 
melt flow from completely filling the mold cavity 106, which can result in 
unsatisfactory molded parts. Furthermore, this problem with filling the mold 
cavity 106 can result from any non-uniformity in the shear profile of the melt 
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flow, depending on the configuration of the mold cavity 106. In other words, a 
melt flow may be symmetrical but non-uniform, and may, depending on the 
mold cavity configuration, cause poor quality parts to be produced. Thus, it 
may be desirable to include a mixing device 10, 10', 50 or 70 near the outlet 
5 of the manifold upstream from each mold cavity, as shown in Figure 11. In 
Figure 11, an injection molding apparatus 140 is shown, which is similar to 
molding apparatus 120, but which includes a manifold 142, having a mixing 
section 122 ,or alternatively, a mixing device 10, 10\ 50 or 70, in each tertiary 
runner 98, upstream from each mold cavity 106. Preferably, the mixing 
10 sections 122 are positioned as close as possible to the outlets of the tertiary 
runners 98, so that the melt flow is relatively uniform when entering the 
nozzles 84 and ultimately when entering the mold cavities 106. 

[0077] The layout of the runners in molding apparatuses 80 and 120 

are exemplary only, and it will be noted that many other runner layouts with 

15 mixing sections 122 or mixing devices 10, 10\ 50 or 70 are possible without 
departing from the present invention. For example, a mixing section 122 or 
mixing device 10, 10\ 50 or 70 may be included in any runner in any manifold, 
upstream from a split where the melt flows would otherwise divide unevenly. 
Furthermore, for example, a mixing section 122 or mixing device 10, 10', 50 or 

20 70 may be included in any runner near the outlet of a manifold, to improve the 
symmetry and/or the uniformity of the melt flow. 

[0078] The injection molding apparatuses described have included a 
plurality of runners, leading to a plurality of nozzles, leading, in turn, to a 
plurality of mold cavities. Alternatively however, the mixing section 122 or 

25 mixing device 10, 10\ 50 or 70 may be included in an injection molding 
apparatus having a single runner, a single nozzle and single mold cavity. In 
this case, the manifold would be referred to as a melt channel block. 
Furthermore, the mixing device 10, 10', 50 or 70 may be included in injection 
molding apparatuses that have multiple melt sources, and that have parallel 

30 runners that each receive melt from a different melt source and that co-inject 
the different melt flows into each mold cavity. As a further alternative, the 
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mixing section 122 or mixing device 10, 10', 50 or 70 may be included in 
injection molding apparatuses having one or more melt sources, and a 
plurality of manifolds (ie. stack mold machines), whereby each manifold leads 
to a plurality of mold cavities. 

5 [0079] The invention has been described in the context of an injection 

molding apparatus which is a hot runner molding apparatus, with a manifold, a 
separate mold cavity block, and a plurality of nozzles therebetween. 
Alternatively, the molding apparatus may be a cold runner type. In this case, 
the mold cavity block and the manifold are the same block. Also, in this case, 
10 nozzles are not required. 

[0080] While the above description constitutes the preferred 
embodiments, it will be appreciated that the present invention is susceptible to 
modification and change without departing from the fair meaning of the 
accompanying claims. 
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